The previously described procedi-e of direct determination of LDL-cholesterol after selectlve extraction of VLDL and HDL with polycations and a polycation-exchange resin has been improvedby usingdodecoylatedpoly (ethyleneimlne) instead of poly(ethyleneimine). The acyl derivative has a higher affinity for lipoproteins. Disc-electrophoretic patterns of lipoproteins separated by this procedure correspond to patterns of apolipoproteins in VLDL and HOL, a finding that corroborates the conclusion that the mechanism of the selective binding of certain lipoproteins to lipophilic water-soluble polycations is based on hydrophobic interaction between the polymer and lipids located at the surface of lipoprotein particles. The procedure offers a simple possibility for direct LDL-cholesterol and LDLtriglyceride determination and for the isolation of VLDL and HDL. The mechanism of the reaction has a biochemical correlate in the action of phospholipase A2 on phospho- The composition of apolipoproteins in lipoproteins isolated by ultracentrifugation or separated with polycations was analyzed by alkaline disc electrophoresis (pH 8,2) as described by Kane (4) .
Material and Methods

General procedures
Preparation of dodecoylated poly(ethyleneimine).
An aqueous solution of poly(ethyleneimine) (Polymin P; BASF, Ludwigshafen, G.F.R.) was lyophilized for 72 h to remove the solvent, 1 g of the residue was dissolved in 50 ml of 99.6% methanol, and 1 g of dodecoyl chloride (Fluka, Ulm, G.F.R.) was added dropwise with stirring to the solution in a 200-ml round-bottom flask at 25 #{176}C. The mixture was stirred for 24 h at 50 #{176}C. Subsequently, 100 ml of benzene (p.a. grade; Merck, Darmstadt, G.F.R.) was added and the solution was concentrated by evaporation under reduced pressure. The precipitating acylated polymer was washed three times with 100-mi portions ofbenzene to remove free dodecanoic acid and unreacted acylchloride. The solvent was completely evaporated and the reaction product was dissolved in distified water to give a 50 guitar solution ofdodecoyl poly(ethyieneimine). Details on the synthesis and studies of various poly(ethyleneimine) derivatives will be presented elsewhere. was mixed with 1.4 ml of each serum sample which then were simultaneously fractionated by ultracentrifugation. The mixtures were rotated in 2-ml tubes at 60 rpm for 5 mm, 0.4 g of Amberlite IRC 50 granules (SERVA, Heidelberg, G.F.R.) was added, rotated for 10 mm at low speed, and then for 2 mm at 1500 rpm to clear the solution of granules. The supernatant fluids were used for cholesterol and triglyceride determination. Triglyceride 3 Heuck, C. C., and Nothhelfer, A., manuscript in preparation. 
Isolation of VLDL and HDL with dodecoyl poly(ethyleneirnine).
In sara with triglyceride concentrations exceeding 10 g/liter (type IV and type V hyperlipoproteinemia), on treatment with the acylated polymer a creamy phase separated and floated on a clear solution. For these sera, treatment with the ion-exchange resin could be omitted. The clear phase was used for LDL-cholesterol determination. The creamy phase was four times washed with 7-ml portions of saline to remove serum proteins, and the fraction was used for alkaline disc electrophoresis.
Delipidation could be achieved without treatment with tetramethyl urea (5 for the former (Figures 1 and 2) . For triglycerides the correlation is not as good (r 0.80) as for cholesterol (Figure 3 Replicate analyses of the type V serum resulted in values that were about twice as high as concentrations determined after fractionation by ultracentrifugation. For this serum sample the analytical recovery of cholesterol after density-gradient centrifugation was only 60%, 48% for triglyceride (Table 1) .
Disc-electrophoresis of lipoproteins.
The disc-electro- 
Discussion
Selective extraction of VLDL and HDL from serum has been attributed to a high affinity of lipophilic polycations for polar lipids located at the surface of these particles (1 ) and free amino groups. The specificity of the binding of the phospholipase can be therefore regarded as a biochemical correlate to the action of poly(ethyleneimine) and its derivatives.
The distinct electrophoretic mobilities of lipoproteins reflect considerable differences in the negative charge density of the lipoprotein surfaces. This is why the action of poly-(ethyleneimine) and poly(ethyleneimine) derivatives towards lipoproteins is supposed to occur preferentially with VLDL and HDL, whereas the binding of LDL is minimal because of the lower negative charge density of this class of lipoproteins.
Various factors have to be considered to explain the differences in the determination of LDL-cholesterol in type V sera by ultracentrifugation and by treatment with polycations.
On one hand, the recovery ofcholesterol and triglycerides from ultracentrifugation is generally not satisfactory. Therefore LDL-cholesterol and LDL-triglycerides may be underestimated by this procedure. On the other hand, VLDL in type V sera may vary with regard to their charge density. The tailing of VLDL of type V serum in agarose electrophoresis may be an expression of these differences. The finding of higher triglyceride concentrations in the supernatant fluid in our type V serum indicates that not all of VLDL have been extracted. The efficiency of extraction was not considerably improved by adding more dodecoyl poly(ethyleneimine), thus the polymer concentration was not simply too low for the extraction. The lower correlation for the triglyceride determination can be explained by the lower recovery of triglycerides after ultracentrifugation. It improves in the case of sera rich in tnglycerides.
In addition small fluctuations lead to considerable changes in the CV at low triglyceride concentrations.
The use of dodecoylated poly(ethyleneimine) instead of poly(ethyleneimine) offers practical advantages. Less is needed and the reagent solution is less viscous. We have also comparedthe action of other ethyleneimine polymers ("PEI 6" and "PEI 600" from Dow Chemical). The polymers qualitatively show similar characteristics towards lipoproteins, but for quantitative investigations results were satisfactory only with Polymin P. It is highly crosslinked and of higher molecular weight than PEI 600, with which the extraction of VLDL and HDL was incomplete. Supposedly the different behavior may be due to a different affinity of lipoprotein/PEI 600 complexes to the ion-exchange resin. Regarding other ionexchange materials,
we observed similar qualities with Amberlite XAD 2 (Serva, Heidelberg, G.F.R.), but the precision was not as good with Ambenlite IRC 50.
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